ABSTRACT ARTHUR, ROBERT M. (Rose Polytechnic Institute, Terre Haute, Ind.). Utilization of a stable isotope of oxygen by Pseudomonas fluorescens. Appl. Microbiol. 12:289-291. 1964.-Oxygen utilization is defined in this investigation as the terminal use of oxygen in respiration, i.e., the formation of water. A culture of Pseudomonas fluorescens was allowed to respire in an atmosphere of 018. The production of H2018 was measured during two test runs of 124 and 232 min each. During the first run, 0.505 mmole of H2018 was produced. The second run produced 0.460 mmole of H2018. H2018 production took place throughout the course of each of the runs.
Oxygen consumption is an integral part of the total metabolic process of bacteria. In this exploratory investigation, total oxygen utilization, as defined below, was measured by use of the stable isotope of oxygen, 018. The measurement was made during active respiration of a culture of Pseudomonas fluorescens.
The measurement of oxygen consumption of bacteria has been of interest to many investigators. This interest has not been restricted to one professional group but has traversed a broad spectrum of disciplines, including bacteriologists, biochemists, and chemical and sanitary engineers. Unfortunately, this diversity of disciplines has led to some confusion regarding the meaning of the terms oxygen consumption, oxygen demand, oxygen uptake, and oxygen utilization. In fact, these terms are often used interchangeably in the literature. In this investigation, oxygen demand and oxygen uptake definitions are those of Gaden (1961 Oxygen-18 has been used in the past by various biological researchers to study respiration (Brown, 1953; Lifson et al., 1949; Hayaishi, 1957; Leadbetter and Foster, 1959; Calvin, 1957) . This work has proved that 018 is useful to study the pathway of oxygen consumption in animals, plants, and bacteria. The purpose of this investigation was to determine its usefulness in measuring total oxygen utilization of bacteria during respiration, i.e., the formation of H2018. The respiration of a single species of bacteria with the use of a simple reproducible substrate was studied. The amount of H2018 present in the suspension was measured at different times during the run. The amount of H2018 formed during a time period was considered to be the amount of oxygen utilized during that same time period.
MATERIALS AND METHODS
Organism. : Column 9 -column 8.
Spectronic-20 colorimeter. The suspension was then transferred to the aeration chamber of a respirometer with a capacity of 20 ml. The aeration chamber was connected to one leg of a large U-tube oil manometer. This leg contained 50 ml of 98 atom % 01s. The other leg of the manometer was open to the atmosphere. As the O'l was utilized by the culture, the decrease in pressure in the closed aeration chamber forced additional 018 into the chamber from the closed manometer leg. In this manner, Oll was automatically fed to the culture at the same rate that it was demanded, similarly to the operation of other manometric respirometers. To assure adequate aeration, the gas was recycled from the top of the aeration chamber to a stone diffuser at the bottom of the chamber by use of a finger pump. Dissolved oxygen was determined at the end of the run by use of an oxygen probe. The pH was controlled by the addition of phosphate buffer. Foam was controlled by the addition of Hodag KG-1 antifoam. A run was started by the addition of 250 mg of dextrose. During the run, 1-to 2-ml samples of the culture were periodically collected from the aeration chamber and centrifuged; the supernatant liquid was introduced into a previously evacuated electrolysis apparatus for conversion to hydrogen and oxygen. Two drops of sulfuric acid were added to the sample to kill any remaining cells and to act as electrolyte. The electrolysis was started at about 71.12 cm of vacuum and was considered to be complete when the pressure increased to 35.56 cm of vacuum. At that time, the contents of the oxygen tank were removed in a previously evacuated 125-ml gas sample holder fitted with a glass joint. This procedure resulted in about 40 ml of oxygen gas at standard temperature and pressure. The samples were then ready for analysis for 018 and could be directly connected to the glass-joint inlet system of the mass spectrometer. All analyses for 0'l were made on mass spectrometer (modified type 21-103C; (Consolidated Electrodynamics, Pasadena, Calif.) owned by Commercial Solvents Corp., Terre Haute, Ind.
Use of 018. Although 018 has been used extensively in biological work, its use is subject to certain precautions. Exchange reactions with 016 and biological preference for 018 or 016 must be considered in the design of the experiment. The following information, taken from the literature, indicates that with proper precautions both exchange and preference reactions can be minimized. Mason (1957) indicated that there is no exchange between labeled oxygen and unlabeled water or between labeled water and unlabeled oxygen. He indicated that there is complete exchange within minutes at 0 C between labeled water and unlabeled CO2. According to Taube (1956) , oxygen anions are more labile in acid solution. He also pointed out that there is no 02-H20 exchange during respiration. Hayaishi et al. (1957) , working with an enzyme system, prevented exchange between CO2 and H20 by working in neutral pH. Dole and Jenks (1944) found that when using bacteria with 018 there was no preference for 016 or 01". Uber (1950) indicated that organisms are incapable of discriminating between isotopes of an element. From the above information, it is evident that other researchers have found that the most serious exchange takes place between labeled water and unlabeled CO2. It is also evident, at least according to one group of researchers, that this exchange can be prevented by working in neutral pH. The maintenance of a neutral pH was, therefore, of primary importance in this investigation. In addition, CO2 was continuously swept out of the culture and absorbed in a solution of sodium hydroxide to minimize its contact time with H2018.
The work of other researchers also indicated that preference reactions do not appear to be of importance when working with bacterial cultures.
RESULTS
An initial run with 016 was made on a sample of the culture under the same conditions as the runs with 018. The final pH was 6.9, indicating that the buffer satisfactorily kept the pH close to neutral. The final concentration of dissolved oxygen was 1.2 mg per liter, indicating that aeration was adequate. A 1-ml sample was withdrawn when the oxygen consumption reached a total of 41.4 ml (corrected for endogenous rate) to find the natural concentration of 018 in the water. This sample was treated exactly like the samples taken during the 018 runs. It is sample no. 1 in Table 1 .
Two runs were made with 018. The final concentration of dissolved oxygen of the first run was 0.8 mg per liter, and the final pH was 7.4. Samples were removed for analysis when the oxygen consumption (corrected for endogenous rate) reached 31.5, 36.0., and 42.3 ml (the end of the run). These samples are numbered 2, 3, and 4 in Table 1 . The final pH of the second run was 6.8, and the final dissolved oxygen concentration was 0.9 mg per liter. Culture samples were taken at 32.0, 37.8, and 40.6 ml of oxygen consumption. These samples are numbered 5, 6, and 7 in Table 1 show that when 018 was used (runs B and C) there was an increasing concentration of H20'8. The concentration of H20'8 at any sampling time was considerably in excess of the natural concentration. However, the concentration of the samples was similar for both of the runs; i.e., samples 2 and 5, 3 and 6, and 4 and 7 have similar concentrations. It follows that the concentration gradients must also be similar for these samples. This is true in spite of the fact that the aeration time of run C was about twice that of run B. If exchange were to take place, longer aeration periods should reduce the observed production of H20"8. In fact, this is shown in column 12 where it can be noted that the production of H2018 in sample 4 is about 10 % larger than that in sample 7. However, the production is 14 % lower in sample 2 as compared with sample 5, and 5 % lower in sample 3 as compared with sample 6. Therefore, if exchange reactions are present, they are not definitely in evidence until after 200 min of aeration time.
As indicated above, total production of H20'8 was about equal for the two runs in spite of the fact that time differed by a factor of two and the dry cell weight was equal. It is conceivable that the higher rate of production was due to the presence of a larger number of viable cells in run B.
These results indicate that oxygen utilization of a culture of P. fluorescens, as defined in this paper, can be meassured by use of a stable isotope of oxygen. Preference reactions do not present a problem in this technique. The results indicate that exchange reactions are influenced by time.
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